. Introduction Because whisker-reinforcement has some advan tages mentioned below, it is expected to be one of the most effective method to toughen ceramics.
(1) It is possible to utilize many toughening mechanisms such as crack bowing, crack deflection, whisker bridging and whisker pull-out in the compo site.
(2) It is able to fabricate whisker reinforced com posites easier than continuous fiber reinforced ones.
(3) Whiskers and their composites seem to have high performance at high temperature.
We guess that whisker bridging and pull-out mechanisms might contribute much to toughening of SiC-whisker/Al2O3 composites.1) 3) Here, we call bridging mechanism as stress shielding at the crack tip bridged by whiskers and pull-out mechanism as energy consumption by interfacial friction. Tensile stress acts on the whiskers and frictional stress acts on their interfaces during pulling-out whiskers Figure 3 also indicates that the larger the misorienta tion angle of a fiber is, the much harder the pull-out of the fiber. If pull-out length l of a fiber in Region 2 is neglected, calculated ratio of {area in Region 1}/ {area in (Region 1+2+3)} corresponds to estima tion of the effectiveness of randomly oriented fibers for toughening by bridging or pull-out mechanism.
X=ƒÐF/ƒÑi Effectiveness of fibers in bridging and pull-out mechanism is shown in Fig.  4 
Bending strength of composites
Bending strength of monolithic Al2O3, UD-comp and 2DR-comp were shown in Fig. 11 . In the case of monolithic Al2O3, there was no change in bending strength (340-350MPa) by molding. 2DR-comp showed higher bending strength (460MPa) than monolithic Al2O3. On the contrary, no increase of bending strength was obtained in UD-comp (330 MPa).
According to linear fracture mechanics, high frac ture toughness leads to high strength assuming that there is no change in flaw size. On the other hand, tensile residual thermal stress in matrices of SiCwhisker/Al2O3 composites13) has a possibility to decrease strength of composites. This residual ther mal stress is originated from thermal expansion mis match between SiC-whiskers and Al2O3 matrix, and exists around whiskers. As a result, both UD-comp and 2DR-comp show higher fracture toughness than monolithic Al2O3, while increase of strength was real ized only in 2DR-comp. This difference might be due to aligned residual thermal stress in a matrix of UDcomp caused by uni-directional orientation of whiskers. However, for discussion about their strengths in detail, R-curve behaviors of UD-comp and 2DR-comp must be investigated. This is because the slope of rising R-curve is closely related with frac ture strength of materials. 5. Conclusions (1) From fiber pull-out model proposed here, it could be expected that whiskers whose longitude in clined against the direction of external stress were easy to broken by bending stress and that random orientation of whiskers decreased the number of whiskers which contributed to toughening of compo sites by bridging and pull-out.
(2) Both uni-directionally oriented 20vol%-SiCwhisker/Al2O3 (UD-comp) and 2-dimensionally oriented 20vol%-SiC-whisker/Al2O3 (2DR-comp) showed higher fracture toughness KIC as 7.1MPa
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